







acridines,	 cyanines,	 phthalocyanines,	 porphyrins,	 or	 phenothiazines	 [1,2,5,7,8,10].	 Although	 different	molecules	 from	 natural	 source	 have	 been	widely	 studied,	 the	 current	 trend	 is	 the	 screening	 of	 raw	 natural
products	in	order	to	detect	PD	activity.	One	recent	example	has	been	the	detection	of	PD	activity	in	honey	[11,12].	In	this	scenario,	it	makes	sense	to	consider	other	products	from	vegetal	source	as	the	essential	oils.



























































Microorganism Essential	oil Blue	light Red	light No	light Lighted	PBS	+	DMSO
S.	epidermidis 5%	Eucalyptus 1.40E	+	05 6.70E	+	06 4.03E	+	07 4.90E	+	06




0.5%	Thyme 8.10E	+	06 3.40E	+	06 2.80E	+	07
Methylene	blue 6.30E	+	07 6.00E	+	05 8.35E	+	07 3.17E	+	07
P.	aeruginosa 5%	Eucalyptus 9.62E	+	04 2.49E	+	07 7.76E	+	07 2.23E	+	08





Methylene	blue 3.38E	+	07 1.10E	+	06 4.01E	+	07 2.47E	+	07
C.	albicans 5%	Eucalyptus 7.26E	+	04 5.30E	+	05 5.51E	+	05 6.46E	+	05
0.5%	Eucalyptus 2.82E	+	07 2.90E	+	07 3.10E	+	07 3.24E	+	07
5%	Clove 6.18E	+	07
0.5%	Clove 2.33E	+	04 1.16E	+	05 1.26E	+	07
5%	Thyme 4.51E	+	07
0.5%	Thyme 3.95E	+	06 5.25E	+	06 5.88E	+	06 2.99E	+	07
Methylene	blue 3.00E	+	07 2.20E	+	05 6.20E	+	07 6.18E	+	07
The	results	showed	the	extent	of	killing	was	dependent	on	the	kind	and	concentration	of	essential	oil,	the	light	wavelength	of	light,	and	the	microorganism.	Light	produced	no	antimicrobial	effect	when	samples
were	 illuminated	without	essential	oil.	 In	addition,	 the	effect	of	both	 lights	on	 the	viability	of	 cells	 in	 the	presence	of	DMSO	was	also	evaluated.	The	 results	did	not	 show	reduction	 in	cell	 viability	 in	any	of	 the
microorganisms	tested	(data	not	shown).	Therefore,	only	results	of	blue	light	are	shown	in	the	table	and	in	the	figure.





















The	 present	 study	 set	 out	 to	 probe	 the	 antimicrobial	 efficacy	 of	 some	 essential	 oils	 when	 populations	were	 illuminated	with	 blue	 and	 red	 light.	 The	 activity	 of	 essential	 oils	 is	 related	 to	 the	 respective



























It	 is	 important	 to	keep	 in	mind	 that	many	essential	oils	have	antioxidant	properties	and	can	protect	 the	cells	against	oxidative	damage.	The	essential	oils	 that	 showing	different	 levels	of	cytotoxicity	also
exhibited	different	antioxidative	capacities	depending	on	the	composition	of	the	oil	especially	on	their	phenolic	content	[25].	Although	the	constituents	of	essential	oils	can	act	as	antioxidants,	they	may	also	act	as
prooxidants	and	affect	inner	cell	membranes.	Depending	on	the	type	and	concentration,	this	effect	may	result	in	cellular	cytotoxicity	[22,26].	Components	of	natural	products	especially	volatile	terpenes	and	phenolic
components	which	show	antioxidant	activity,	can	be	oxidized	by	ROS	and	thus	generate	additional	radical	species	like	panoxyl,	hydroxyl	and	superoxide	radicals	and	hydrogen	peroxide	and	affect	the	cellular	redox
status	in	the	so-called	“antioxidative	stress”	[27].	Indeed,	antioxidants	by	interacting	with	ROS	are	converted	into	prooxidants	which	are	able	to	oxidize	lipids,	proteins	and	DNA.	The	in	balance	between	the	generation
and	depletion	of	ROS,	a	reduced	activity	of	the	protective	antioxidant	defense	system,	and	a	perturbation	of	cellular	redox	status	generate	the	death	of	the	microorganisms	[28].
Methylene	blue	is	an	efficient	producer	of	singlet	oxygen	required	against	broad-spectrum	bacteria	and	cultures	of	Candida	species	although	the	yeast	was	considerably	less	susceptible	than	bacteria	[5,29].	In
the	current	work,	a	weak	decrease	in	the	viability	of	microbial	cells	and	methylene	blue	was	observed	if	the	results	were	compared	with	that	some	essential	oils.	It	is	only	remarkable	the	decrease	in	the	viability	of	the
microorganisms	with	red	light.
The	results	of	the	study	support	the	idea	that	mainly	monochromatic	blue	light	enhances	the	innate	antimicrobial	activity	of	the	essential	oils,	especially	phenols,	and	could	offer	a	very	efficient	and	natural	way
to	combat	microorganisms	in	several	industries	and	medical	applications.	Decontamination	could	be	accelerated	if	monochromatic	visible	light	was	used.	Nowadays,	some	essential	oils	can	be	used	in	the	preservation
of	foodstuffs	against	bacteria	and	to	increase	the	shelf	life	of	foodstuffs.	Therefore,	their	illumination	with	visible	light	could	facilitate	this.	From	a	medical	point	of	view,	impregnation	of	medical	textile	as	bandages
with	essential	oils	and	lighting	could	improve	the	reduction	or	complete	elimination	of	microorganisms	and	the	healing	of	wounds.	The	applications	of	the	study	can	be	numerous	and	varied,	but	the	goal	is	always	to
find	a	natural,	safe	and	fast	method	to	facilitate	the	death	of	microbial	cells	and	prevent	the	development	of	resistance	to	drugs.
5	Conclusions
This	is	the	first	published	study	that	uses	essential	oils	as	photosensitizers.	Results	of	preliminary	experimental	investigations	demonstrate	for	the	first	time	that	the	efficacy	of	PD	to	produce	the	death	of	the
microorganisms	depends	on	the	molecular	structure	and	concentration	of	the	essential	oil,	the	wavelength	of	light,	and	the	type	of	microorganism	(prokaryotic	or	eukaryotic).	Essential	oils,	especially	phenols,	are
good	compounds	to	enhance	their	innate	antimicrobial	activity.	These	essential	oils	together	with	blue	light	always	lead	to	a	decrease	of	viable	cells	in	different	magnitudes	depending	on	the	specie,	but	both	bacteria
are	especially	sensitive	to	light	with	phenols.	If	the	chemical	composition	and	concentration	of	the	essential	oils	are	suitable,	the	elimination	or	reduction	of	bacterial	population	with	blue	light	will	occur	regardless	of
character	gram.
This	study	opens	a	new	and	promising	research	field	to	facilitate	the	removal	of	microorganisms	with	essential	oils	and	visible	monochromatic	light.	Therefore,	additional	studies	with	different	essential	oils,
time	of	light	exposure	and	microorganisms	will	be	needed	to	confirm	this	preliminary	data.	Important	future	goals	could	include	identify	the	active	antimicrobial	components	of	the	essential	oils	and	know	how	light
affects	to	these	with	the	use	of	accurate	analytical	chemistry	tools.	Likewise,	the	molecular	mechanisms	by	which	these	components	so	effectively	act	as	antimicrobials	will	be	welcome.	In	this	study,	a	small	number	of
essential	oils	were	sampled,	but	a	wide	range	of	other	oils	is	available	in	nature,	bearing	enormous	potential	for	the	discovery	of	alternatives	to	antibiotics	in	conjunction	with	the	light.
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Highlights
• For	the	first	time,	antimicrobial	essential	oils	and	visible	light	is	analysed.
• Blue	light	always	enhances	the	innate	antimicrobial	activity	of	oils	especially	of	phenols.
• Regardless	of	gram	character	both	bacteria	are	easier	to	kill	than	yeast.
• Visible	light	with	essential	oils	can	be	effective	in	several	industries	and	medical	applications.
